Objective-To update information on workers in the petroleum industry engaged in the production of crude oil to determine whether the patterns of mortality have changed with 14 additional years of follow up. Methods-All workers were employed at company production and pipeline locations sometime during 1946-94. The cohort now consists of 24 124 employees with an average of 22 years of follow up. Results-The overall mortality, and most cause specific mortalities were lower than or similar to those for the general United States population. For white men (81% of the cohort), there were 4361 observed deaths and 5945 expected, resulting in a significantly lower standardised mortality ratio (SMR) of 73. There were significant deficits for all the leading causes of death in the United States including all cancers, cancer of the lung, stroke, heart disease, respiratory disease, and accidents. Slightly increased mortality was found for cancer of the prostate, cancer of the brain and central nervous system, and cancer of other lymphatic tissue. For benign and unspecified neoplasms, the SMR was 152 (95% confidence interval (95% CI) 95 to 230). There was a significant increase for acute myelogenous leukaemia that was restricted to people who were first employed before 1940 and who were employed in production and pipeline jobs for >30 years. Overall mortality patterns for non-white men and women were similar to those for white men. Mortality patterns for white men were also examined by duration of employment, time first employed, and by job group. Conclusions-The results of the updated study showed a favourable mortality experience for crude oil production workers compared with the United States population. (Occup Environ Med 2000;57:411-417) 
Although numerous epidemiology studies have examined the patterns of mortality in refinery workers and petroleum distribution workers, only one epidemiological study has been carried out on production and pipeline workers whose primary exposure was to crude oil. 1 The report documented the known hazards associated with exposure to crude oil and employment in production. The cohort comprised more than 11 000 United States workers whose mortality experience was recorded from 1946-80. There were significant deficits in mortality from all causes of death combined, all malignant neoplasms, stroke, arteriosclerotic heart disease, respiratory disease, accidents, and lung cancer. Two causes of death had standardised mortality ratios (SMR) >100, thyroid cancer and benign and unspecified neoplasms; neither SMR was significant.
In this report, the period of observation was extended to the end of 1994, for a maximum follow up of 49 years. These additional 14 years of follow up allowed updated comparisons of additional causes and rates of death among crude oil production workers with those in the general United States population. The objective was to determine whether employment in production and pipeline operations with its potential exposure to crude oil and other possibly hazardous materials has had an eVect on the mortality experience of these workers.
Materials and methods
Members of the original study cohort worked at production or pipeline facilities for at least 1 day between 1 January 1946 and 31 December 1980, were employed at one of these facilities for at least 6 months, and were employed by a participating facility either on their last day of employment or on the original study end date (31 December 1980).The study data collection and vital status follow up methods are detailed in Divine and Barron. 1 The current cohort consists of the members of the original cohort plus people who met the same eligibility criteria by 31 December 1994. New members of the cohort who had ever worked at the participating locations were identified with information from the company's computerised personnel system. The work histories for employed members of the original cohort were updated until 31 December 1994 with the computerised personnel system. Information on new cohort members was obtained primarily from the computerised personnel system and from original records if early work history information had not been computerised. Members whose records lacked information on sex or race were assumed for the analysis to be men and white.
Each employee's complete work history was coded. When more than one job was held concurrently, all were coded with the same start and end dates, and the time was divided evenly among the jobs during analysis. Because of the many diVerent jobs, jobs with similar responsibilities and potential exposures were grouped into larger categories chosen by a company industrial hygienist most familiar with producing and pipeline operations. These groups account for almost all of the jobs and are the same as those developed and used in the earlier report.
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The vital status of the cohort was updated to 31 December 1994 from company files when available, and otherwise from the National Death Index (NDI), the Social Security Administration Master Beneficiary Record file, or the Health Care Financing Administration (HCFA). People who were known to be alive in 1979 were assumed to be alive if no death record was found in the NDI to the end of 1994. Copies of the death certificates for deceased employees were obtained from company files when available or from the health departments in the states where the deaths occurred. A trained nosologist coded causes of death listed on the death certificates to the eighth revision of the International Classification of Diseases (ICD-8).
The last date of observation for a cohort member was defined as the date last employed if lost to follow up, the date of death if known, the date of the NDI search if known to be alive in 1979 or later, the date of the HCFA search if HCFA indicated the person was still alive, the date of the personnel system search for people still receiving pension payments, or the current study end date (31 December 1994) for those known to be alive as of 1 January 1995.
Patterns of mortality were analysed with the computer program developed by Monson. 2 The program uses the observed and expected numbers of deaths for specific causes to calculate SMRs with the United States population as the comparison group and 95% confidence intervals (95% CIs) assuming a Poisson distribution for the observed frequency in the numerator of the SMR. Person-years of observation were counted from the date the employee accumulated 6 months of employment or the study start date, whichever came last, until the date last observed.
Total mortality was examined by race and sex. Because of the few non-white women (1.4% of the total cohort), patterns of mortality for all women were examined with the United States mortalities for white women as the comparison. Also, for white men, patterns of mortality were examined by duration of employment, by time first employed, and by job group. The small numbers in the other race-sex groups preclude making similar subgroup analyses. The SMRs for white men for mesothelioma, non-Hodgkin's lymphoma, leukaemia by cell type, multiple myeloma, and all brain tumours, which are not available in Monson's program, were calculated in the same manner as in an earlier study of refinery, petrochemical, and research workers using the same mortalities.
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Results
There were 24 124 people included in the study cohort (table 1) with 503 573 personyears of observation. Eighty six per cent of the cohort members were men, and 94% of the men were white. Ninety per cent of the women were white. Seventy six per cent of the total cohort were still alive, only 4.7% were lost to follow up, and death certificates were obtained for all but 1.9% of the known deaths. Because the cohort overwhelmingly consisted of white men (81%), the following descriptive statistics refer only to that group. Twenty two per cent of the cohort was still employed on 31 December 1994, and 36% were retired (33.7%) or on permanent disability (2.2%). Thirty three per cent were employed by the company at study locations for >20 years. Thirty five per cent of the cohort was born before 1930, and more than 23% was first employed before 1950. Sixty eight per cent of the employees who had died were >65 years of age at the time of death, and over half the deaths occurred since the previous study end date of 31 December 1980. Table 2 shows the patterns of mortality by race and sex. For white men, 5945 deaths were expected, and only 4361 were observed giving a significant all causes SMR of 73. There were also significant deficits for all cancers combined (SMR 83), digestive system cancers (SMR 73), lung cancer (SMR 80), arteriosclerotic heart disease (SMR 74), stroke (SMR 74), non-malignant respiratory disease (SMR 68), and all external causes (SMR 59). For cancer of the prostate, cancer of the brain and central nervous system (CNS), and cancer of other lymphatic tissue, the observed number of deaths was similar to the expected number, but the SMRs were slightly increased, and SMRs >100 were also found for benign and unspecified neoplasms (SMR 152) and thyroid cancer (SMR 175).
For non-white men, a total of 114 deaths were expected and 53 were observed (SMR 44). There were deficits for many major causes of death such as all cancers combined (SMR 83), cancer of the digestive system (SMR 40), lymphohaematopoietic cancer (SMR 60), arteriosclerotic heart disease (SMR 40), stroke (SMR 59), non-malignant respiratory disease (SMR 38), and all external causes (SMR 49). There were non-significantly increased SMRs for cancer of the lung (SMR 132) and motor vehicle accidents (SMR 126). For all women, there were 198 deaths and 223 were expected giving a significant deficit for the all causes SMR of 89. There were deficits in mortality from arteriosclerotic heart disease (SMR 72), vascular lesions of CNS (SMR 88), and respiratory disease (SMR 59). For all cancers combined, the observed and expected numbers of deaths were similar. The SMR for cancer of the colon was significantly increased (SMR 197), and there were non-significantly increased SMRs for cancers of the digestive system (SMR 130), cancer of the pancreas (SMR 133), cancer of the cervix (SMR 157), cancer of the ovary (SMR 179), motor vehicle accidents (SMR 138), and suicide (SMR 206).
All further results apply only to the subcohort of white men. Table 3 shows the patterns of mortality by duration of employment, and The patterns were similar for all of the groups regardless of duration or time of employment with significant deficits for most major causes of death. The SMR for cancer of the prostate for those employed >20 years was significantly increased (SMR 129) as was the SMR for benign and unspecified neoplasms for those employed 10-20 years (SMR 296). For the groups by time first employed, there were no significant increases; however, mortality from cancer of the prostate and cancer of other lymphatic tissue was increased in the two earliest employment groups, mortality from leukaemia was increased in the earliest employment group, and mortality from benign and unspecified neoplasms was increased in all three groups. Trends by duration of employment and by time first employed were examined. The only significant trends were for external causes of death and for cancers of the digestive system by time first employed. There was no reason to think that these increases with later time of employment are likely to be related to employment. Tables 5 shows the patterns of cancer mortality for those employed in the largest job groups for at least 5 years. These groups all had patterns of mortality similar to those seen for the overall cohort with deficits for the leading causes of death. For those employed in jobs with little or no potential for exposure such as managers, supervisors, and oYce workers, there was a significantly increased SMR for cancer of the brain and CNS (SMR 183). This group also showed non-significantly increased SMRs for liver cancer, prostate cancer, cancer of other lymphatic tissue, and benign and unspecified neoplasms. For those employed as pumpers in production, there were increased SMRs for cancer of the prostate, liver cancer, and benign and unspecified neoplasms. For those employed in maintenance, there were significantly increased SMRs for cancer of the prostate and benign and unspecified neoplasms. There were non-significant increases for leukaemia and cancer of other lymphatic tissue. For roustabouts (semi-skilled oil field labourers), there were increased SMRs for cancer of the prostate, liver cancer, benign and unspecified neoplasms, and cancer of other lymphatic tissue. For people employed in pipeline field jobs, there were non-significantly increased SMRs for cancer of the skin, cancer of the prostate, leukaemia, cancer of other lymphatic tissue, and benign and unspecified neoplasms.
There were only three deaths from mesothelioma in the cohort of white men and 8.2 expected for an SMR of 37. These decedents were first employed before 1 January 1960. Thirteen of the deaths from benign and unspecified brain neoplasms were brain tumours and 8.3 deaths were expected for an SMR of 135 (95% CI 84 to 207). When these were combined with the deaths from cancer of the brain and CNS, there were 50 observed deaths and 41.8 expected from all brain tumours for an SMR of 119 (95% CI 88 to 157). Table 6 shows the results of the analyses of specific lymphohaematopoietic cancers. The number of observed deaths from nonHodgkin's lymphoma (lymphosarcoma, reticulum cell sarcoma, and lymphoma combined) was significantly less than expected with an SMR of 69. There were slightly more deaths from multiple myeloma than expected with an SMR of 122. The SMRs were calculated for the cell type specific leukaemias for categories where at least three deaths occurred. Mortality from acute lymphocytic leukaemia was the same as expected (SMR 104), and there was a deficit for chronic lymphocytic leukaemia (SMR 52). Mortality from chronic myelogenous leukaemia was essentially the same as expected (SMR 94). For acute leukaemia and for unspecified leukaemia, mortality was nonsignificantly increased (SMRs 150 and 175, respectively). However, there was a significant excess of deaths from acute myelogenous leukaemia (SMR 192) which was based on 16 deaths. The increase was restricted to those who were first employed before 1940 (SMR 374), and who were employed in production and pipeline jobs for at least 20 years (SMR 265). An examination of the work histories for these workers showed that most were employed as roustabouts (SMR 276), pumpers (all were also employed as roustabouts, SMR 280), or pipeline field personnel (SMR 247). These were the most common jobs for most of this cohort.
Discussion
The patterns of mortality found in this updated study of workers engaged in the production of crude oil were similar to those found in the first analysis of this cohort. There was a more favourable mortality experience for the cohort compared with the United States population, and there were deficits for all of the leading causes of death in the United States including all cancers, heart disease, stroke, lung cancer, respiratory disease, and external causes of death. The only increased causes of death found in the general analysis of the cohort of white men were for thyroid cancer and for benign and unspecified neoplasms; these increases were not significant. The increase in thyroid cancer was found in the earlier analysis of this cohort, 1 based on only four deaths. No additional deaths from thyroid cancer have occurred since 1980, and the SMR has decreased from 342 to 175. Over half of the deaths from benign and unspecified neoplasms were from benign and unspecified tumours of the brain. When these brain tumours were examined together with the brain cancers, the overall brain tumour SMR was only slightly increased. There was a significantly increased SMR for cancer of the brain and CNS but only for the unexposed group and this might be due to more complete diagnosis in this group.
The results of this analysis are consistent with those found in other studies of petroleum industry workers. In general, these studies have all shown a strong healthy worker eVect with numerous significant deficits for most leading causes of death and few significant increases. The study results are also consistent with the conclusions of a meta-analysis of specific cancers in workers employed in various segments of the petroleum industry. 4 Wong and Raabe found that petroleum industry workers had a significantly low cancer mortality for all cancer sites combined and for cancers of the digestive system, stomach, and lung. Similar deficits were found in this study. They also found mortality to be similar to that for the United States population for cancers of the skin, brain, pancreas, prostate, and kidney. Small increases for these causes occurred among various subgroups in this study, but the increases were not consistent nor were they linked with increasing duration of employment in the job subgroups. The slight excess of brain tumours is not uncommon in studies in the petroleum industry. A similar small increase in brain tumours has been reported by Divine and Hartman 3 in a large study of refinery, petrochemical, and research workers and by Satin et al 5 in a large cohort refinery study. Satin et al also noted that the brain is often a metastatic cancer site. A previous report on brain tumours in this same refinery cohort 6 discussed the problems associated with diagnostic errors of brain tumours that may lead to increases in employed populations.
The meta-analysis of studies of petroleum industry workers by Wong and Raabe 4 suggested that some petroleum workers, especially those first employed before 1940, might have an increased risk of leukaemia. A subsequent meta-analysis of leukaemia cell type specific results in petroleum industry cohorts 7 did not show increased SMRs for acute myelogenous leukaemia or any of the other leukaemia cell types. However, a casecontrol study of leukaemia among petroleum workers at the Unocal Corporation 8 found myelogenous leukaemia to be associated with work related to production in the oil and gas division of the company (odds ratio (OR) 2.0). The association was even stronger for those employed for >30 years in activities related to production (OR 3.9) and also for those with acute myelogenous leukaemia (OR 2.8). The researchers also found a consistent trend of increasing ORs with increasing duration of employment.
The analysis of leukaemia by cell type for the present cohort showed an increased SMR for acute myelogenous leukaemia among white men which was restricted to those people first employed before 1940 with at least 30 years of employment in production and pipeline jobs. These results are, therefore, similar to those found in the Unocal study. No information was available to describe oil field exposures in the early 1900s, but others have reported 8 that personal hygiene was poor and that some oil field workers had heavy exposure to crude oil. In particular, there is no information about the benzene content of the crude oil over time or oil fields. Furthermore, it is not known whether benzene was used as a solvent or cleaning agent in oil field work in the past. Increased risk of leukaemia (for all cell types except chronic lymphocytic leukaemia) has also been associated with exposure to large doses of ionising radiation. Although there is potential for exposure to naturally occurring radioactive material in the production fields, there is no consistent evidence that the low levels of natural background radiation increase the risk of leukaemia. 9 This cohort study of crude oil production workers has many strengths. The cohort includes >24 000 people whose mortality experience has been studied for 49 years . Vital status is known for >95% of the entire cohort, and for >88% of the women. Only 89 of 4612 death certificates could not be found (1.9%). Also, the study includes information about the cohort members' complete work histories, and numerous analyses by job were performed.
The study does have its limitations. As with other mortality studies, it has the problems inherent with using the death certificate diagnosis for the cause of deathfor example, diagnostic accuracy and specificity, and comparability of ICD codes over time. Mortalities vary over time and geographical location. Because this study covered many locations across the United States, the United States mortalities were used for comparison. Although the cohort was large, many of the analysis subgroups were small. Information about the specific chemicals associated with the jobs is not available, nor is there any industrial hygiene sampling data covering the first 35 years of the study. Jobs and units with similar responsibilities were grouped together for the analyses as a surrogate for exposures, but provide little information to link exposure and outcome.
Conclusion
The results of the update of workers engaged in the production of crude oil show a favourable mortality experience for these employees compared with the general United States population. Most causes of death in the study show either similar mortality or a significant deficit when compared with the general population. The overall 27% deficit in total deaths translates into an increased life expectancy of 3.7 years 10 for these workers compared with white men in the general population of the United States. The few increases in various causes of death were not consistently found across jobs with similar exposures, nor did most rise with increasing duration of employment.
There was an apparent excess of death for some of the leukaemia cell type specific causes of death, including acute myelogenous leukaemia. The increased mortality from acute myelogenous leukaemia was found only in those people who were first employed before 1940 and who were employed in the production of crude oil for >30 years.
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